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Chapter-1 
General Introduction 
1.1 INTRODUCTION 
Analytical chemistry has extensive applications in the analysis 
of organic and inorganic compounds, pharmaceuticals, bio-
chemicals, body fluids, polluted water, food and many other areas. 
With the global awareness in health hazards and environmental 
pollution, analytical chemistry has played key role to unveil its 
causes. Modern sophisticated computerized instrumental techniques 
make possible to elucidate the microstructure of molecular species 
and thereby the reaction mechanics taking place onto the species, 
studies of rare and artificial radioactive elements and to obtain 
substances in the highest state of purity. This branch usually begins 
by placing chemical analysis in the broader prospective of chemical 
science, describing different methods of analysis e.g. qualitative 
(deals with finding what constituent or constituents are in analytical 
sample) and quantitative (deals with the determination of how much 
of given substance is in the sample) on macro to micro level and can 
also be applied to the routine analysis. Chemical analysis is an 
important part of m.any of most exciting scientific projects being 
carried out throughout the world, because on this basis one can 
understand the properties of materials of our interest. According to 
the type of process used to perform the analysis, methods used for 
chemical analysis can be categorized as given in Figure 1.1. 
Chemical Analysis 
"Wet" Methods (Classical) Instrumental Methods 
Gravimetric Volumetric Optical Separation Electroanalytical 
Analysis Analysis Methods Methods Methods 
Figure 1.1: The Major Categories of Chemical Analysis 
Instrumental as well as non-instrumental (or classical) 
methods are being employed for the analysis of air, water and soil 
pollutants. Since instrumental analysis is becoming increasingly 
automatic and research oriented, the need for analytical chemistry is 
also rising as newer problems are erupting up in view of the 
challenging demands of the contemporary world. As a matter of fact, 
analytical chefiiistry involving the development of new methods and 
modifications to classical methods is most suited to meet the 
requirements of mankind. Despite the advantages offered by the 
instrumental methods in various fields, their wide spread adoption 
has not rendered the classical methods obsolete for the simple 
reasons that firstly, they cannot be applied if the analyte is present 
in large concentration and secondly, it is absolutely imperative to 
use classical methods (volumetric or gravimetric) of analysis for 
standardization of newer methods. In fact classical methods deserve 
to be strengthened because they are simple, inexpensive and 
versatile. 
1.2 SEPARATION TECHNIQUES 
The identification and separation of various species can be 
achieved by an array of systematic procedures. Among the most 
versatile analytical separation techniques, chromatography has wider 
applicability. Which is described below. 
Chromatography 
In spite of the popular belief and general acceptance of the 
contribution of Tswett as being the real discoverer of 
chromatography (literally "colour writing" from the Greek), the 
starting of chromatography predated to the work of F.F. Runge who 
investigated the separation of coloured substances (i.e. dyes) on 
paper (1). The work carried out by Goppelsroeder (2) and Schonbein 
(3) on chromatographic separation of substances on filter paper has 
been included in a report published by Fischer and Schmidner{4) in 
1892. However, the concept of separation on columns may be 
attributed to Reed's work, which was followed by Day who 
separated petroleum fractions with the help of columns (5,6). The 
paper published in 1906 by M Tswett. a lecturer of Botany at the 
University of Warsaw provided the first description in nearly 
modern terms of chromatographic separation (7). He described the 
resolution of different components of pigments as colored bands like 
spectrum of light rays on a calcium carbonate column and termed it 
as "Chromatogram". 
The actual importance of Tswett's work remained dormant until 
about 1931, when separations of plant carotene pigments were 
reported by prominent organic chemist Kuhn (8,9). His research 
attracted much attention and adsorption column chromatography 
became invaluable tool in the field of natural product chemistry. 
In 1941, Martin and Synge (10,11) laid another milestone in 
development of chromatography by reporting their discovery of 
liquid-liquid partition chromatography. One liquid was used as 
adsorbent and another liquid was allowed to percolate through the 
former, thus making the technique as a chromatographic process. 
This work initialized the development of other forms of 
chromatography. Chromatography is a phenomenon in which two or 
more compounds in a mixture are physically separated by 
distributing between two phases: (i) a stationary phase which can be 
a solid or a liquid supported on solid and (ii) a mobile phase (either 
a gas or a liquid) which flows continuously through the stationary 
phase. Differences in the affinity of individual components lead to 
their separation. Chromatography is a collective term, which is 
applicable to all methods that appear diverse in some regards but 
share certain common features. The basis of several related 
separating methods is the differential migration from a narrow initial 
zone of mixture with suitable combination of driving force and 
resistive action of which either one or both must be selective in 
order to achieve effective separations. The chromatrographic 
systems can be classified according to (a) State of aggregation of the 
phases, (b) Physical arrangement of the phases and (c) Mechanism 
underlying the distribution equilibrium. 
Chromatographic systems generating from solid, liquid and 
gaseous phases are (a) liquid-liquid (b) liquid-solid (c) gas-liquid 
and (d) gas-solid. If the mobile phase is a gas, the technique is 
known as "Gas Chromatography" and if it is a liquid then the 
technique is called "Liquid Chromatography''. The stationary phase 
may be in the form of flat bed consisting of adsorbent spread 
uniformly on a sheet of glass or aluminium (thin-layer 
chromatography) or a sheet of cellulose (paper chromatography) or 
packed into a glass or metal column (column chromatography). 
According to the mode of separation of mechanism, chromatography 
can be adsorption, partition, ion- exchange, size exclusion, 
electrochromatography etc. A simple classification of 
Chromatographic methods is summarized in Table 1.1. 
Table 1.1: Classification of Chromatographic Methods: 
S.No 
1. 
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Type of 
Chromatography 
Adsorption 
Chromatography 
Partition 
Chromatography 
Examples 
Column Chromatography, Thin-Layer 
Chromatography, Gas-Solid 
Chromatography 
Paper Chromatography. 
Reversed-Phase Thin-Layer 
Chromatography, Classical 
Liqid-Liquid Chromatography 
3 
4 
5 
6 
Modified Partition (or 
Bonded Phase 
Chromatography) 
Ion-Exchange 
Chromatography 
Exclusion 
Chromatography 
Electrochromatography 
High-Performance Liquid 
Chromatography (HPLC) and 
High-Performance (HP) TLC 
Cation and Anion Exchange 
Chromatography 
Ion-Exclusion and Gel Permeation 
Chromatography, Molecule Sieve 
Chromatography 
Capillary and Zone Electrophoresis 
Since the work presented in this dissertation is mainly based 
on the use of thin layer chromatography as an analytical tool, it is 
necessary to mention the salient features of this technique. The 
following paragraphs are devoted to cover all-important aspects of 
the development and current state-of-art procedure of thin-layer 
chromatography as used for the analysis of organic and inorganic 
substances. 
1.3 THIN-LAYER CHROMATOGRAPHY 
Thin-layer chromatography (TLC), a subdivision of liquid 
chromatography is carried out on a flat surface and hence it is 
sometimes referred to as planar chromatographic separation 
technique. In TLC, the mobile phase (a liquid) migrates through the 
stationary phase (thin layer of porous sorbent on a flat inert surface) 
by capillary action. This technique is simple, versatile and 
inexpensive means of separating and identifying the components of 
complex mixtures of inorganic, organic and biochemical substances. 
The beginning of TLC can be ascribed to the report of Dutch 
biologist, Beyer ink (12), who separated hydrochloric and sulfuric 
acids in the form of fine rings on thin layer of gelatin using a 
visualizing agent. Following the same method, Wijsman (13) 
identified the presence of two enzymes in malt diastase usina a 
fluorescent method for detecting separated enzymes on thin layer. 
He used the bacteria obtained from sea water as fluorescent agent. 
However, the invention of TLC is usually credited to two Russian 
Scientists, A'^ . A. Izmailov and M.S. Schraiber, who used binder free 
horizontal thin layers (2 mm thick) of alumina spread on glass plate 
to the analysis of pharmaceutical preparations which led to the 
publication of their classical paper (14) on ''A Spot Chromatographic 
Method of Analysis and its Application in Pharmacy" in 1938. Since 
their method consists of depositing a drop of sample solution being 
investigated and the development by the application of several drops 
of solvent on flat surface of adsorbent before observing the 
separated zones, it was called "Drop Chromatography or Spot 
Chromatography". They also pointed out the usefulness of this 
method for preliminary testing of sorbent properties before their 
utilization in the form of column. Though Izmailov is best known for 
his fundamental work on TLC, his main field of interest was 
electrochemistry for which he received the Mendeleiv Prize of the 
Academy of Science of USSR in 1961. 
In 1939, Brown developed a useful technique called "Circular 
Paper Chromatorgraphy" which involves the placing of filter paper 
between two glass plates and the application of sample and the 
developing solvent through a small hole of the upper plate. To obtain 
stronger adsorbent, he proposed the use of a thin layer of alumina 
between two sheets of paper. In 1940, Lapp and Erali used a loose 
layer of alumina spread on a glass slide that was supported on an 
inclined aluminium sheet. This sheet was cooled at its upper end and 
heated at the lower end. The sample was placed at the top of the 
adsorbent layer and gradually developed by solvent descending 
movement. The use of heat at the lower end of the layer increased 
the evaporation rate of the solvent so that increased development 
could take place (15), It is interesting that, in 1949, two American 
Chemists, Meinhard and Hall (16) gave the concept of "Surface 
Chromatography" and described their work on the use of microsccpe 
slides coated with a mixture of alumina (an adsorbent) and celite (a 
binder) to separate Fe"" and Zn "^^ . Their work was probably the first 
application of TLC for the separation of inorganic ions. 
TLC is the most widely used chromatographic method because 
of the following reasons, (a) The availability of limited number of 
liquid chromatographs in research laboratories (b) simplicity of the 
techniques (c) possibility of simultaneous analysis of a large number 
of samples (d) low cost and (e) the ease of operation by a researcher 
with little experience. Numerous publications on TLC applications 
attest to the versatility and applicability of this technique in all 
branches of science. It has opened new fields of exploration and 
become an invaluable aid to separation scientists. 
TLC can be used for (a) qualitative analysis (to identify the 
presence or absence of a particular substance in a mixture (b) 
quantitative analysis (to determine precisely and accurately, the 
amount of a particular substance in a sample mixture) and (c) 
preparative analysis (to purify and isolate a particular substance for 
subsequent use). All three cases require the common procedures of 
sample application, chromatographic separation and sample 
component visualization. However, analytical TLC differs from 
preparative TLC as the sample solution/or amount is applied on 
thinner layers in the former case, whereas thicker TLC plates are 
used for preparative TLC. 
1.4 T L C P R O C E D U R E 
The TLC process is an off-line process in which all the 
procedural steps, depicted in Figure 1.2 are carried out 
Sample Prepara t ion 
Relatively Pure Component [ Crude Extract 
Sample Purification 
Sample Application 
Spotting/Streaking 
One or two 
dimensional 
Plate Development 
Room temp, or 
elevated temp. 
Drying of Chromatogram 
Visual reagent spray, 
UV Scanning 
Zone Detection 
Optional 
Component Removal 
Evaluation or 
Recording the chromatogram 
Documentation and 
Reportig of Results 
'•iui'f"cl.2:Scheme of Typical Thin-layer Chromatographic Process 
independently. The basic TLC procedure involves the spotting of 
sample mixture (5-10 ^L) at about 2 cm above the lower edge of 
the TLC plate, drying the spot (usually at room temperature), 
development of plate with suitable mobile phase to a distance of 8-
10 cm inside a cylindrical or rectangular closed chamber by 
ascending technique, withdrawing plate from the developing 
chamber, drying the layer at room temperature to remove the 
mobile phase, detection of spots on TLC plate using suitable 
detection reagent, measurement of Rp values of the resolved spots 
and the quantitative estimation of the analyte after extraction from 
the layer with suitable extractant. The differential migration of 
components results due to varying degrees of affinity of the 
components in a mixture for stationary and mobile phases. 
Sample Preparation: Standard methods for sample preparation, 
identification and separation of analyte present in a variety of 
samples such as plants, food, biological, geological and 
environmental samples have been reported. In general, metal cation 
solutions are prepared by dissolving their corresponding salts in 0.1 
M HCI (or HNO3) to a final metal concentration of 0.1-0.2 M. 
Anion solutions are prepared in distilled water, dilute acid or alkali 
solutions. Amino acids are used as freshly prepared solutions in 
distilled water or 0.1% HCI (aqueous solution). 
TLC Plate Preparation or Coating Procedures: The contemporary 
trend is of using commercially available pre-coated plates. The 
manual preparation of layers involves the coating of slurry of the 
adsorbent (silica gel, alumina and soil) on glass, aluminium or 
plastic sheet (20x20 or 20x10 cm) with the help of TLC applicator. 
The thickness of dried layer for analytical purposes is kept to 0.2-
0.3 mm. A binder (starch, gypsum, dextrin or polyvinyl alcohol) is 
usually added to the layer material to provide better adhesion. 
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mechanical stability and durability. 
Sample Application: Sample application is one of the most important 
steps in the technology of TLC. Improperly applied samples result 
in poor chromatograms. Sample can be applied as spot or streak 
using micropipette, microsyringe, melting point capillaries ete. A 
number of automatic spotters of varying design are available for 
sample application. The nanoapplicator (Nanomat) is an example of 
micrometer controlled syringes which has a dynamic volume range 
of 50-230 nL. Another applicator (Linomat) allows sample 
application in narrow bands. The application of sample as streak or 
band provides more efficient separations. The sample should be 
completely dried before placing the plate in the developing 
chamber. Dilute solutions can be applied to the layer either with 
sorbent drying between successive applications or after bringing the 
sample solution to proper concentration. 
Development Modes: The process of migration of mobile phase 
through the sorbent layer to effect separation of the sample 
substance is called development. Ascending development has been 
the most commonly used mode of development in TLC. Other 
development modes such as multiple, stepwise, circular two-
dimensional and reversed-phase partition development have also 
been used to limited extent. The distance for the migration mobile 
phase has been kept to 10-12 cm for conventional TLC. While 
performing the development one should take care of the angle of the 
development and saturation of chamber apart from other factors. 
1.5 CHROMATOGRAPHIC SYSTEMS 
The stationary and mobile phases together comprise the 
chromatographic system. The proper selection of stationary and 
mobile phase conditions decides the degree to which effective 
separations of components in a mixture can be achieved. 
11 
Stationary Phase (Layer Sorbent): Silica gel, an amorphous and 
porous sorbent has been the most preferred layer material followed 
by alumina and cellulose. Thin layers of silica gel G (gypsum 
binder) and silica gel S (starch binder) with or without, "fluorescent 
indicator" have been used more frequently. Silica gel is slightly 
acidic in nature. At the surface of silica gel the free valences of the 
oxygen are connected either with hydrogen (Si-OH, silanol groups) or 
with another silicon atom (Si-O-Si, siloxane groups) (Figure 1.3). The 
silanol groups represent adsorption active surface centres that are able 
to interact with solute molecules. On the other hand, alumina 
(aluminium oxide) is basic and is more reactive than silica gel. 
Adsorption is the separation mechanism in both silica gel and alumina. 
Cellulose, an organic material is used as a sorbent in TLC when it is 
convenient to perform a given paper chromatographic separation by 
TLC with decreased development time and increase in the sensitivity of 
detection. Mixed layers (impregnated and non-impregnated) have 
also been used by several workers for achieving enhanced resolution of 
components. Mixed layers are usually of medium activity as compared 
to the separated phases. The addition of kieselguhr in silica generally 
reduces the activity of silica, resulting in a new sorbent layer with 
altered activity that is capable of providing peculiar separations, not 
possible on separated phases. The mixed layers of upto three or four 
sorbents have been occasionally prepared and used for specific TLC 
applications. However, binary (or biphasic) sorbent layers have been 
more commonly used for routine analysis of organic as v/ell as 
inorganic mixtures. 
Mobile Phase (Solvent System): In TLC the separation of ions is 
usually governed by the physical interactions of the adsorbent and the 
coordinative properties of the mobile phase. The mixture of organic 
solvents containing some aqueous acid, base or a buffer are. in general. 
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well suited for the separation of ionic species whereas anhydrous 
organic solvents and water containing mobile phases have been found 
more useful for separating nonionic species. Mobile phase should be as 
simple as possible and prepared from the purest grade of solvent. The 
use of mixtures composed of more than four components of mobile 
phase should be avoided because of problems associated with 
reproducible preparations. In contrast to mobile phases of higher 
volatility, which are capable to evaporate quickly from the sorbent 
layer, better reproducibility is achieved with mobile phases of lower 
volatility. The mobile phases used as developers in TLC may be 
categorized into following groups. 
(a) Inorganic Solvents: Solutions of mineral acids, bases, salts and 
mixture of acids, bases and /or their salts. 
(b) Organic Solvents: Acids, bases, hydrocarbons, alcohols, amines, 
ketones, aldehydes, organo phosphates and their mixture in 
different proportions. 
(c) Mixed Solvents: Above mentioned organic solvents mixed with 
water, mineral acids, inorganic bases or dimethyl sulphoxide and 
buffered salt solutions. 
(d) Surfactant mediated: Aqueous and hybrid solutions of cationic, 
anionic and non-ionic surfactants. These systems contain surfactant as 
one of the components of the mobile phase. 
Surfactants are long chain amphiphilic organic or organometallic 
molecules containing a highly polar (hydrophilic or lipophobic) or 
"ionic head group" attached to a non-polar (hydrophobic or lipophilic) 
hydrocarbon tail of varying chain length. The "head group" is either 
cationic (e.g. ammonium or pyridinium ion), anionic (e.g. hydroxy 
compounds) or zwitterionic (e.g. amine oxide, carboxylate or 
sulphonate betain) and the hydrocarbon tail which may contain at least 
13 
8 carbon atoms. Depending upon the nature of hydrophilic group, 
surfactant can be classified as anionic [R-X~M"^]; cationic [R-
N^(CH3)3X"]; zwitterionic [R-CCHs), N^CHiX'] and nonionic 
[R(OCH2CH2)]mOH, where R is a 
long aliphatic hydrocarbon chain, M"^  is a metal ion, X" is a halogen, 
C 0 0 ~ or 804^ ' and m is an integer. A list of some common surfactants 
is provided in Table 1.2. 
Table 1.2: Some Typical Surfactants, Formulae and Their CMCs 
Surfactant Formulae CMC(M) 
Aqueous (normal) Anionic 
Sodium dodecyl sulfate (SDS) CH3(CH2)iiOS03Na^ 8.1x10"^ 
Potassium perfluoroheptanoate CTFISCOO'K* 3 .0X10"^ 
Sodium polyoxyethylene (12)- CH3(CH2)ii(OCH2CHi2)i2 2.0x10"' 
dodecyl ether 0S0"3Na'' 
Cationic 
Cetylpyridinium chloride Ci6H33N^C5H5Cr 1.2x10"" 
Cetyltrimethyl ammonium- bromide CH3(CH2)i';N"'(CH3)3Br" 9.0x10"" 
(CTAB) 
Nonionic 
Polyoxyethylene (6) dodecanol CH3(CH2)ii(OCH2CH2)60H 9.0x10"^ 
Polyoxyethylene (23)- dodecanol CH3(CH2)ii(OCH2CH2)230H 1.0x10"" 
(Brij-35) 
Zwitterionic 
N-Dodecyl-N, N- CH3(CH2)iiN*(CH3)2(CH2)3S 3.0x10"^ 
dimethylammonium-3-propane-l- O3" 
sulfonic acid (SB-12) 
N,N-Dimethyl-N(carboxymethyl) C8Hi7N (^CH3)2CH2COO~ 25 x 10"^  
octylammonium salt, 
Nonaqueous (reversed) 
Bis(2-ethylhexyl) sodium Na03SCH(CH2COOC8H,7) COOCgH,7 6.0x10"" 
sulfosuccinate (APT) 
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Micelles 
Surfactant (or amphiphilic) molecules comprising of 
hydrophobic and hydrophilic moieties tend to exhibit a considerable 
degree of self-organization when dissolved in aqueous solutions. 
Above a certain concentration level, termed as critical micelle 
concentration (CMC), the surfactant molecules in solutions (water 
or organic solvents) aggregate to form micelles. The process of 
micelle formation is called "micellization". Micelles do not exist at 
all concentrations and temperatures. There is a very small 
concentration range below which aggregation to micelles is absent 
and above which association leads to micelle formation. This narrow 
concentration range during which micelle formation occurs is 
called the CMC. At low concentration i.e. below CMC and at 
temperature above the critical micelle concentration (e.g. Kraft 
temperature), the surfactant is dispersed in the aqueous media at 
the molecular level as a monomer. The average number of 
monomers per micelle is called the aggregation number (N). At 
25° C and 1 atmospheric pressure, the CMC is typically less 
than 20 mM, with each micelle consisting of 40-140 monomers. 
A conventional model of micelles is that proposed by Hartly 
(F igure 1.4) which is very useful for visualization of a micelle. 
The various structures formed in aqueous solution on increasing 
the concentration of surfactant are illustrated in Figure 1.5. 
There are mainly two types of micelles: 
a) Normal Micelles: The molecular organization of 
surfactant molecules in aqueous solutions results in the 
formation of normal micelles. Above CMC, the surfactant 
molecules are self aggregated in such a manner that the 
hydrophobic moieties (i.e. hydrocarbon tails) are oriented 
inward forming a non-polar core and hydrophilic 
15 
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Figure 1.3: Structure of Silica Gel 
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(polar) head groups are outward keeping 
themselves in contact with the bulk aqueous 
phase. Normal aqueous micelles are generally 
formed from singly-chain surfactants and chain 
branching inhibits micellization. 
Micelles are considered to be dynamic in nature, with 
continuous exchange of surfactant molecules, in and out of the 
aggregates occurring in the milliseconds to microsecond range. 
Thus, individual surfactant molecules (called monomers) are 
thought to be distributed throughout the aqueous phase 
surrounding the micelles. 
b) Reverse Micelles: In contrast to the normal micelles 
which are formed in polar (i.e. aqueous media) solvents, 
reverse micelles are formed in non-polar solvents like 
hexane or chloroform and a trace of water where the 
polar head groups of the surfactant are directed towards the 
interior of the aggregate and the hydrocarbon chains are in 
contact with the non-polar solvent. Compared to normal 
micelles, reverse micelles are more complex and less 
understood. Reverse micelles offer the same potential 
advantages for analysis as do normal micelles i.e. the ability 
to solubilize polar species that would be excluded from 
normal micelles. An interesting aspect of reverse micelles is 
their capability to solubilize water in the interior of micelle 
structure. 
From macroscopic perspective, micellar solutions are 
homogeneous and cannot be filtered. However, the unique 
characteristics of micellar aggregates stem from their 
microscopically non-homogeneous nature i.e., they provide a 
microenvironment, v^hich is distinctly different from the bulk 
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solvent. The most important property of micelles is their ability to 
solubilize substances that are otherwise insoluble (or sparingly 
soluble) in water. 
1.6 VISUALIZATION 
Physical, chemical, enzymatic or biological detection methods 
are commonly used in TLC. A book by Jork et al. (17) is an 
excellent source of general information about physical and chemical 
methods of detection. Physical method of detection involves the use 
of spectroscopy or autoradiography, X-ray fluorescence micro 
analysis with a scanning collimated primary X-ray beam, UV 
radiation etc. Among the physical methods, visualization under UV-
light is most common. The chemical detection methods involve the 
spraying of plates with a suitable reagent, which forms coloured 
compounds with the separated species. Alternatively, the reagent 
can also be taken in the mobile phase or in the adsorbent. In some 
cases, the detection is completed by inspecting the TLC plate after 
spraying with a suitable detection reagent under UV- light. Both 
selective and non-selective reagents may be used depending upon 
the requirement. However, reagents giving sufficiently sensitive 
colour reactions with several species are generally preferred. The 
biological detection methods (bio-autography) are useful for 
specific detection of compounds with a certain physiological 
activity. An example is the detection of antibiotics on TLC plates 
using triphenyl-tetrazolium chloride and a microorganism that is 
sensitive to the antibiotic to be detected. Similarly, to detect 
antifungal compounds by TLC, inhibition of fungal growth was 
assessed by the detection of dehydrogenase activity with thiazolyl 
blue. In addition to these techniques, enzyme inhibition, 
immunostaining and flame ionization detection methods have also 
been used. 
19 
1.7 QUALITATIVE ANALYSIS 
(a) Identification: In TLC, the identification of separated 
compounds is primarily based on their mobility in a suitable 
solvent, which is described by the Rp value of each compound. 
Where 
Dis tan ce of Solute motion from the origin 
Rp = 
Dis tan ce of solvent motion from the on gm 
The factors which influence the magnitude of Rp are nature of 
sorbent and mobile phases, layer thickness, activation temperature, 
sample volume, chamber saturation, relative humidity and mode of 
development technique. Another term Rm, which is the logarithmic 
function of the Rp value (i.e. RM = log l /Rp-l) is more useful as it 
bears a linear relationship to some TLC parameters or structural 
element of the analyte. However, in case of continuous and multiple 
development, where the solvent front is not measured, the term 
„ ri^  Dis tan ce moved by solute ^. 
RxLRx = J IS used 
Dis tan ce moved by s tan dard 
Rp value ranges from 0.0 for a zone not leaving the point of 
application to 0.999 («1.0) for zone migration with solvent front. 
Unlike Rp, Rx value can be greater than 1.0. 
(b) Separation: When two or more analytes have differential 
migration with the sam.e chromatographic system, they are 
mixed thoroughly, the mixture is spotted on the TLC plate 
and chromatographed. The separated components of mixture 
are detected and their Rp values are recorded. Some of the 
basic requirements for a good separation are (a) each spot 
should be compact (RL - RT < 0.3), (b) the difference in R| 
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values of two adjacent spots should be at least 0.1. 
(c) No complexation should occur between/among separable 
species and 
(d) Chromatography of individuals and the mixture should be 
performed under identical experimental conditions. 
1.8 QUANTITATIVE ANALYSIS 
The three main approaches related to quantitation TLC include 
visual estimation and spot-size measurement, zone elution and in-
situ densitometry. 
Visual Estimation and Spot-Size Measurements: A This is the 
simplest method of semiquantitative analysis. TLC plates with a 
definite sample aliquot along side standards containing known 
weights of analyte are simultaneously developed. After detection, 
the weight of analyte in the sample is estimated by visual 
comparison of the size and intensity of the standards and sample 
zones. The visual comparison works well if the applied amounts of 
sample are kept close to the detection limit and the sample is 
accurately bracketed with standards. The accuracy and 
reproducibility of this method falls in the range of 10-30%. 
To standardize the quantification methods in TLC, 
Mohammad and Fatima (18, 19) Mohammad and Tiwari (20), Nanda 
and Devi (21) and Mlodzikowski (22) have established a linear 
relationship between the size of the spot and the amount of the 
anlayte. 
L9 ADVANTAGES OF TLC 
TLC is the most versatile and flexible chromatographic 
method. It is rapid because pre-coated layers are available for use 
as received, without preparation. It has highest sample throughout. 
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because up to 30 individual samples and standards can be applied to 
a single plate and separated at the same time. The automated sample 
applications and developers allow high accuracy and precision in 
quantification. There is a wide choice of layers, developers and 
detection methods. The wide choice of detection reagents leads to 
unsurpassed specificity. Less pure samples can be successfully 
analyzed, as the layers are normally not reused. Being an "off line" 
method, different steps of the procedure are carried out 
independently. 
1.10 COMBINATION OF TLC WITH OTHER ANALYTICAL 
TECHNIQUES 
The careful combination of TLC with other analytical 
techniques is more useful to collect information regarding the 
analysis of a complex sample. Spectrophotometry, high-performance 
liquid chromatography and gas chromatography, in conjugation with 
TLC are the three most widely used techniques. However, mass/GC, 
infrared and thermal analytical techniques in combination with TLC 
has also been used. One of the newest techniques used in 
combination with TLC is photoaccuoustic spectrometry, which is 
capable to locate compounds in -situ on the plate. Issaq and Barr 
(23) combined TLC with flameless atomic absorption spectrometry 
(FAAS) to identify an inorganic compound in an impure 
organometallic complex and to determine the recovery and purity of 
organometallic samples. 
The examples cited above reveal, how the separation methods 
of TLC complement the analytical methods necessary for the 
absolute identification of a substance. TLC provides an excellent 
purification method for separating a substance of interest from other 
contaminants in the sample. Analytical techniques can then be 
applied to identify the separated substances. 
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1.11 LITERATURE 
The research work performed on TLC analysis of organic and 
inorganic substances has been well documented in the form of 
several reviews, monographs, books and articles (24-34). CRC 
Handbook of Chromatography series started in 1972 under the joint 
editorship of G. Zweig and J. Sherma and continued since 1991 by 
the latter and the Handbook of Thin Layer Chromatography 
published in 1992 and 1996 under the editorship of B. Fried and J. 
Sherma have covered nicely the literature of TLC. Further, the latest 
work carried out on TLC is continuously being reviewed biennially 
in the Fundamental Reviews of Analytical Chemistry by J. Sherma. 
The last review of this series has appeared recently (35). The work 
published on TLC of metal ions, amino acids during the last eight 
years has been presented briefly in Tables 1.3 and 1.4. 
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Table 1.3: Literature on TLC Studies of Amino Acids Performed 
During 1996-2003 
S.No. Analyte Remarks/comments Ref. 
2. 
3. 
Thirty amino acids, 
twenty nucleotides 
and related 
compounds 
Several amino acids 
Racemic aromatic 
amino acids and 
aromatic amino 
alcohols 
Amino acids 
Amino acids 
derivatives 
Amino acids 
Valine, leucine, 
butyrine and phenyl 
alanine 
Two-dimensional TLC for 36 
simultaneous separation 
TLC separation of amino acids 37 
and the comparison of TLC with 
RP-HPLC with acetate buffer 
(0.3M, PH 6.0)-acetonitrile 
-n-butanol (12+5+10) 
Quantitative analysis on 38 
cellulose with highly 
concentrated solutions of a or p 
cyclodextrin mobile phase. 
Quantitative TLC of industrial 39 
amino acids employing video 
densitometric analytical 
technique. 
Separation of derivatives of 40 
amino acids on HPTLC silica 
layers following multiple 
gradient development technique 
with different concentrations of 
ethyl acetate in heptane and 
chloroform 
A rapid and reproducible TLC 41 
method for detection of amino 
acids on Silica gel layers with 
n-butanol- glacial acetic 
acid-water (3+1 + 1) 
Separation of DL-enantiomers 42 
of amino acids, on silica 
modified with P cyclodextrin 
layer with urea and dicarboxylic 
acid containing mobile phase. 
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S.No. Analyte Remarks/comments Ref. 
9. 
10. 
11 
12. 
14. 
Histidine, arginine, 
tryptophan and 
methionine 
Seven DL-mixtures of 
amino acids 
Amino acid 
enantiomers 
Enantiomers and 
dansyl derivatives of 
amino acids 
Amino acid 
enantiomers 
13. Several amino acids 
Amino acids 
Aromatic amino acids 
Application of TLC in 43 
combination of derivatives 
spectroscopy for the 
determination of amino acids in 
food on silica layer with 
n-butanol-acetic acid-water 
(4+1 + 1) and ethanol- water 
(70+3) 
Qualitative analysis with three 44 
component mobile phases on 
chitin, chitosan stationary 
phases. 
Resolution of amino acid 45 
enantiomers by ligand exchange 
TLC with H2O-THF-
chloroaniline MeOH (6+5.8+ 
8.2+80). 
Resolution of enantiomers of 46 
amino acids and their dansyl 
derivatives on silica gel 
impregnated with (IR, 3R, 
5R-azobicyclo [3,3>0] 
octan-3-carboxylic acid with 
mixtures of 0.5M aqueous NaCI 
and MeCN. 
Qualitative analysis on silica 47 
gel layer treated with 
L-arginine and Cu acetate 
Separation, extraction and 48 
refinement of components of 
natural products using HPTLC 
method. 
separation of amino acids on 49 
silica gel layers (impregnated 
with various ammonium salts) 
with n-butanol-MeOH-CHj 
COOH (8+1+3) and n-butanol-
CCI4-CH3COOH (8+3+1) 
Qualitative analysis on chiral plates 50 
with acetonitrile-MeOH- H2O 
(4+1 + 1 or 2). 
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S.No. Analyte Remarks/comments Ref. 
16. Ten PTH-amino acids 
17. 
18. 
19. 
20. 
21, 
22. 
D and L isomers of 
amino acids 
Dansyl amino acid 
enantiomers 
Methionine and 
selenomethionine 
15 a-amino acids 
DL-Arginine, 
DL-histidine, 
DL-iysine, DL-valine 
and DL-leucine 
L-Tyrosine and 
L-dopa 
23. Dansyl amino acids 
24. L-Lycine, 
L-threonine, 
L-homoserine and 
cobalamine 
Separation by normal-phase and 51 
reversed phase TLC. Reversed-
phase HPLC was also tried, 
with acetonitrile and acetate 
buffer of pH 4.0 and 
CHCl3-acetonitrile-THF. 
TLC separation of amino acid 52 
enantiomers on chiral plates. 
P-cyclodextrins bonded TLC 53 
used for complete resolution of 
8 pairs of dansyl amino acid 
enantiomers with acetonitrile 
1% triethyl ammonium acetate 
acetic acid. 
Qualitative analysis 54 
Detetion separation and analysis 55 
of a-amino acids using 4-
diethyl amino diazobenzene-4-
isothioicyanate as complexing 
agent. 
Resolution of basic DL-amino 56 
acids using a pharmaceutical 
industry waste as chiral 
impregnating reagent with 
acetonitrile- MeOH-H20. 
TLC separation and quantitation 57 
of L-dopa and L-tyrosine in 
mixtures. 
Racemic resolution by silica gel 58 
impregnated with vancomycin 
with acetonitrile-0.5M NaCl 
(10+4 and 14+3 (v/v). 
Quantitative analysis of amino 59 
acids on sorfil TLC plates with 
mixed-aqueous organic solvents 
containing NH3 
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S.No. Analyte Remarks/comments Ref. 
25. Amino acids 
26. L-Tryptophan 
27. Aliphatic and 
aromatic amino acids 
28. a-Amino acids 
29. Amino acids 
30. DL-Amino acids 
enantiomers 
31. Amino acids 
32. Amino acids 
TLC analysis of amino acids 60 
using microemulsion systems as 
mobile phase on silica layer. 
Quantitative analysis with 61 
propan-2-ol-25% aqueous NH3 
on sorbfil TLC plates. 
Separation of L-proline from 62 
other aliphatic and aromatic 
amino acids by micellar TLC 
with 1% CTAB solution 
prepared in water + butanol 
(95+5). 
Detection, separation and 63 
analysis of a-amino acids by 
TLC on silica gel using 
4-dipropyl-aminodiazabenzene 
-4'-isothiocyanate 
Qualitative separation of 64 
aliphatic and aromatic amino 
acids on plain alumina and Li^, 
N a \ impregnated alumina with 
oil-in-water microemulsion. 
Resolution of enantiomers of 65 
DL-amino acids on silica gel 
plates impregnated with pure 
(-) quinine using butanol-
CHCb-acetic acid (3+7+5; v/v) 
for DL-methionine. 
The chromatographic behaviour 66 
of 24 amino acids was studied 
on plain silica gel layers in 
one-component, 
two-component (butanol-acetic 
acid) and three-component 
(acetone- benzene- acetic acid) 
mobile phase varying ratios. 
TLC of amino acids on titanium 67 
tungstate using dimethyl 
sulfoxide as the mobile phase 
27 
S.No. Analyte Remarks/comments Ref. 
33. Amino acids TLC of amino acids analysis on 68 
silica gel-thin layers using 
CTAB/Bu-alc//n-octane/water 
microemuJsion as a developer. 
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Table 1.4: Literature on TLC Studies of Inorganic Ions and 
Metals Performed During 1996-2002 
S.No. Analyte Remarks/comments Ref. 
1. Thirty cations 
2. Cd, Cu and Pb 
3. Heavy metals 
4. Ni, Co and Cu 
5. Co,Fe and Cu 
6. Al,Ca, Co, Cr, Cu, Fe, 
Mg, Mn, Mo, Ni, Pb, 
Sn, Ta, Ti, V, Y and 
Zr. 
7. Metal cations 
8 Nine-anions and 
eleven cations 
9. Twenty-eight metal 
ions 
Selective separation of Pt on 69 
Ce(III) silicate using fifteen 
solvent including NH4OH 
(0.5M) 
Detection limits for Cd and Pb 70 
were 1 and 4 \xg respectively 
Identification of metals in 71 
human bones, placenta, milk 
and air by adsorption and 
lE-TLC 
Determination of metals in rock 72 
samples by 
TLC/photodensitometry 
TLC of metal ions, on silica gel 73 
impregnated with sodium salt of 
condroithin sulfate with 
aqueous or organic solvents of 
different pH values. 
ICP-AES determination of Zr in 74 
Zr-U alloys after separation by 
TLC, using TBP coated 
polymeric supports. 
Determination of Fe in process 
media by employing 8-hydroxy 
quinoline as complexing agent. 
TLC separation on cellulose 
microcrystalline, kieselguhr and 
cellulose plus kieselguhr using 
NH4OH (1.0M)+acetone (1:9, 
3:7, 1:1,7:3, 9:1) as mobile 
phase and colorimetric 
determination of SCN" in water 
and wastewater. 
Separation of several metal ions 77 
from their multicomponent 
mixtures on lanthanum silicate 
ion-exchanger with aqueous 
and mixed mobile phase. 
75 
76 
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S.No. Analyte Remarks/comments Ref. 
10. Sixty-four ions 
11. Metal cations 
12. Toxic metals 
13. Several bi-tri-tetra 
and penta-valency 
ions 
14. Mo, V a n d W 
15. PbandCd 
16. Metal chlorosulfates 
17. Metal ions 
18. Thirty three metal 
ions 
19. Metal complexes 
Selective separation of Zr(IV), 78 
Hf(IV) and many other ions on 
silica gel using HNO3 and 
HNO3+H2O2 as mobile 
Use of 8-hydroxy quinoline as 79 
complexing reagent and 
lumogallion as detector for Al 
Qualitative and selective 80 
separation of toxic heavy metals 
Selective separation and 81 
identification of metals of 
different valency states, on 
microcrystalline cellulose and 
silica gel. 
Selective separation of Mo from 82 
V and W on alumina 
Separation of Pb and Cd from 83 
humic acid. 
Examination of mobility and 84 
selective separation of metal 
chlorosulfates using chicken 
egg shell powder and egg shell 
mixed with cellulose or silica 
gel-H with acid containing 
mobile phases and aqueous 
ammonium sulfate solution 
(l.OM). 
Quantitative separation of Mo^ "" 85 
after separation from Cr^ "", Cu^^, 
Fe and Co ^ on stannic 
selenite silicate with 
DMSO-HNO3 mobile phase 
system. 
The study of retention sequence 86 
of metal ions on silica layers 
using methylisobutyl ketone and 
formic acid as mobile phase 
The study and application of 87 
TLC of Co and Ni complexes 
was detected on thin layers 
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S.No. Analyte Remarks/comments Ref. 
20. Fe and Cr 
21. d-B lock metals 
22. Metal cations 
23. CrandNi 
24. Heavy metals 
25. U a n d T h 
26. Twenty inorganic 
cations 
The separation of Fe and Cr"' 
as well as some anions of 
elements using molecular sieves 
NaX as stationary phase system. 
Binary and ternary separations 
are achieved on stannic 
phosphate silicate layers with 
buffered EDTA solution. 
Separation and identification of 
ten cations using 
microcrystalline cellulose as 
stationary phase system 
TLC separation and 
identification of Cr and Ni in 
high steel on microcrystalline 
cellulose stationary phase with 
mobile phase acetone + HC1+ 
H20(43+4+3, v/v) 
Separation and quantification of 
individual metal from a 
five-component mixture of 
heavy metal ions on silica gel 
layers impregnated with EDTA 
(2%) with tetra ammonium 
bromide (1%) plus phosphate 
buffer mobile phase. 
Separation and determination of 
U and Th (concentration range 
2.5-3.0 |ig) in the presence of 
other metal ions, using 
isopropyl dithiophosphoric acid, 
mobile phase. 
Detection of inorganic cations 
by two dimensional TLC, using 
microcrystalline cellulose 
stationary phase and 
(a)l-butanol saturated with a 
1:1 mixture of 3M HNO3 and 
lMHCl(b)MeOH+36% 
HCl(lO+3, v/v) mobile phase 
systems. 
88 
89 
90 
91 
92 
93 
94 
31 
S.No. Analyte Remarks/comments Ref. 
27. Metals and minerals 
28. Heavy metal cations 
30. Co and Ni 
Detection of trace amounts of 
metals and minerals. 
Selective separation of heavy 
metal cations by micellar TLC 
using microcrystalline cellulose 
stationary phase. 
29. Hg, Fe, Pb, Cd and Zn Identification of Hg^^, Pb^\ 
Cd^ "^  and Zn^ "^  in synthetic 
sludge by TLC with aqueous 
formic acid-NaCl system on 
silica gel layers impregnated 
with KSCN stationary phase. 
Mutual separation of Co^^ and 
Ni^ "^  mixed stannic arsenate gel 
and silica gel 'G ' (10:1, w/w) 
layers impregnated with 0.2 M 
tributyl phosphate with l.OM 
aqueous potassium thiocyanate 
mobile phase. 
Detection and separation of 
heavy metal cations on silica gel 
mixed with Sn(IV) 
arsenosilicate and impregnated 
with tributylamine using 
methanol as mobile phase 
systems. 
Selective separation of Ag+ 
from binary, ternary and 
quaternary mixtures of metal 
ions on cellulose, alumina 'G' 
and their mixtures with 
ammonium, acetic acid and 
sodium or ammonium salt 
solutions mobile phase systems 
31. Thirteen metal ions 
32. Several metal ions 
33. Toxic metals RP-TLC separation of Cd-^ 
Pb2^ Bi^\ Hg^\ Co^^ and Cu-* 
using lower alcohols and 
benzene mobile phase. 
95 
96 
97 
98 
99 
100 
101 
32 
S.No. Analyte Remarks/comments Ref. 
34. 1,3-Diketonates of 
heavy metals 
39 
+ /^„2+ .3+ 35. Cu , Cu'" and Co 
36. Forty-three inorganic 
ions 
37. Several metal ions 
38. Metal ions 
U02^\ Cu^\Ni^^ and 
Cd'" 
40. d and f Block metal 
ions 
The study of 1-3 diketonates 102 
and other metal ions on silufol 
and plasmachrom plate, with 
micellar mobile phases 
containing sodium dodecyl 
sulfate. 
The study of colorful salts on 103 
silica gel impregnated with 
metal salts stationary phase 
Qualitative TLC; a new 104 
parameter SRp was introduced 
to quantify the separating power 
of the sorbent with layered 
double hydroxides stationary 
phase. 
Qualitative separation of a 105 
mixture of cations and their 
identification with 0.01% 
9-formylacridine solution in 
dichloromethane on cellulose 
'R' 
Separation of metal ions from 106 
their binary mixrures using TLC 
plates impregnated by mixed 
oxides. 
Separation of Cd^* and UOj'^ 107 
from Cu^^, Co^^ and Ni^^ from 
their binary, ternary and 
quaternary mixtures, on silica 
gel 'G' layers with mobile 
phase consisting of mixtures of 
acetone, water and acetic acid 
or HCl. Radiofrequency values 
for different cations were also 
calculated. 
Quantitative separation of Zr"*^  108 
and W^* from binary mixtures 
and from synthetic alloy 
component systems on plain as 
well as TBA impregnated silica 
gel 'G ' layers with BuOH-8M 
HNO3 and aqueous HNOs-
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S.No. Analyte Remarks/comments Ref. 
41. Metal ions and their 
1,3-diketones 
42. Toxic metals 
43. Metal-peptidoglycan 
monomer complexes 
44. Mg and Al 
45. Thirty metal ions 
46. Co, NiandCu 
47. Metal ions 
TLC separation of metal ions 109 
and their 1,3-diketones with 
silufol and RP-plazmachron 
stationary and 2.5 x 10 M 
aqueous SDS mobile phase 
systems. 
Analytically important 110 
separations of toxic metals on 
mixed bed of oxides of Ti and 
Si. 
Quantitative TLC, identification 111 
and separation of some metals 
and their peptidoglycan 
monomer complexes on 
cellulose. 
Ion-exchange consist of 112 
amberlite IRP-69 and 
microcrystalline cellulose mixed 
in different ratio is used in TLC 
separation of Mg and Al with 
0.5-2.0M HCl and HNO3 
mobile phase. Quantitative 
estimation of Mg in Al alloy. 
Rapid separation of A\^\ V^*, 113 
Hg *, Cd^ "^  and other ions from 
numerous metal ions on 
titanium (IV) silicate ion 
exchanger with aqueous and 
mixed mobile phases. 
RP-TLC for separation and 114 
identification of Co-existing 
Co^ "^ , Ni^ "" and Cu^ "" stannic 
arsenate ion-exchanger plus 
silica gel (10:1, w/w) 
impregnated with 0.2M TBP 
using O.IMKSCN mobile 
phase. 
Identification and separation of 115 
Zn^\ Cd^^  and Hg^^ using 
surfactant containing mobile phase 
systems on silica gel 'G' layer. 
34 
S.No. 
49. 
50. 
51, 
Analyte Remarks/comments Ref. 
48. Heavy metal ions 
Chlorosulfates of Mn, 
Fe, Co, Ni, Cu and Zn 
Au, Ag, Cu, Ni, Cd, 
Cr, Hg and Zn 
Hexacyano complex 
of Fe^ "^  and Fe""*^  and 
Thiocyanate 
52. Heavy metal ions 
Sorption behaviour of metal 116 
ions in normal-phase and 
reversed-phase TLC using 
layers prepared from 
silica-zirconium tungsto 
phosphate gels with various 
aqueous and alcoholic organic 
solvents. 
Separation of nickel 117 
chlorosulfate from manganese, 
iron, copper or zinc 
chlorosulfate on silica 
gel-cellulose (2:1; w/w) with 
double distilled water. 
TLC coupled with 118 
spectrophotometry and 
titrimetry for quantitative 
separtion of Au"^ "^  and Ag^ from 
accompanying metal ions on 
silica gel 'G ' and alumina 'G ' 
with aqueous CTAB (1.2mM) 
and aqueous (NH4)2S04 (2.5M). 
TLC of 18 anions was 119 
performed on silica layers with 
mixed aqueous mobile phase. 
Binary mobile phases consisting 
of H2O acetone/acetonitrile. 
TLC of heavy-metal cations 120 
using Tx-lOO surfactant mobile 
phase on silica gel layers. 
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ChapUr-II 
Inducement of a New Micellur Mobile Phase 
for Thin-Layer Separation and Quantitative 
Estimation ofAluminium(III) in Bauxite 
with Preliminary Separation from Iron (111) 
and Titanium(IV). 
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2.1 INTRODUCTION 
The interesting features such as possibility of direct 
observation, use of specific and colourful reactions, cost 
effectiveness, reasonable sensitivity, rapidity, excellent resolution 
power, capability of handling a large number of samples 
simultaneously, and the applicability of two dimensional separation 
have maintained the continuing popularity of thin layer 
chromatography (TLC) in its use as separation technique. The 
separation of heavy metal cations has attracted considerable attention 
in recent years because of their environmental, technological and 
metallurgical importance. Although many investigations have been 
made and reported (1-9) of the use of planar chromatographic 
techniques for the analysis of specific inorganic ions, there have been 
few studies on the simultaneous analysis of inorganic cations. T. 
Yoshinaga et al.(lO) have used two dimensional thin layer 
chromatography (TLC) for simultaneous detection of twenty inorganic 
cations including Al"'"^  and Fe^ "^  on cellulose layer using two mobile 
phases i.e. (a) butanol saturated with a mixture of 3.0 M HNO3 and 
1.0 M HCl (1:1) and (b) methanol-36% HCl (10:3). Mutual separation 
of Al , La" , CO and Ni by solvent extraction using bis (2-ethyl 
hexyl) phosphinic acid has also been reported (11). TLC in 
combination with scanning densitometry has been used for the 
simultaneous determination of Cu , Fe and Fe in serum(l2) as 
their complexes with 2-[(5-bromo-2 pyridinyl) azo] 5- (diethyl amino) 
phenol. 
A TLC method involving the use of alumina layers and 
mixed aqueous organic solvent systems as mobile phase has been used 
for the analysis of minerals consisting of Mo^*, Au'^ ,^ Pb^ "*^ . Cr^ "^ , Ti''^, 
Hg^^, Bi"'"' and Mn^^ (13). Copper, Iron and manganese ions in cotton 
materials have been detected with preliminary separation on 
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microcrystalline cellulose plates developed with acetone - HCl- H2O 
(8:1:2) using rubeanic acid as detector(14). Both Al^^ and Fe""" were 
strongly retained from aqueous solutions at pH=4 by silica gel 
impregnated with a mixture of aliquot 336 and Alizarin Red S and 
hence they could not be separated(15). 
Efforts of using silica gel 'G' impregnated with mono (2-ethyl 
hexyl) acid phosphate(16) or high molecular weight amines(17) failed 
to resolve Ti''* and Fe^ "^ . Similarly Li"^  - impregnated silica gel layers 
with formate ion containing eluents were found in effective to 
separate Al^^ from Fe^^ (18). Our earlier efforts to separate 
coexisting and Fe^ "" using tributylamine as impregnant of silica 
layer(19) or as a component of eluent(20) did not bore fruits. Though 
binary separation of Fe^ "*^  either from Ti"*^  or from Al^^ was always 
possible, separation from their ternary mixture was impossible. 
Reversed-phase extraction TLC of inorganic ions performed 
with H2SO4 and (NH4)2 SO4-H2SO4 mobile phases on silica gel 
impregnated with tri-n-octylamine was very effective for selective 
separation of Cr^^ from associated metal ions but Al^^ Fe^^ and Ti''"^  
were found to demonstrate the identical mobility trends(21). 
The TLC methods reported till date record good separation of 
Fe"'"^ , Ti"*^  and Al^ "^  from their binary mixtures but none of these 
procedures claim the simultaneous separation of these metal cations 
from their ternary mixtures. However, paper electrophoresis has been 
utilized for quantitative separation of Al^ "^ , Ti''"^  and Fe^ "^  from a 
sample of bauxite(22) using lactic acid as carrier electrolyte. Ti'*^ 
migrates towards cathode during electrophoresis. This procedure 
suffers from following limitations. 
(a) It lacks rapidity as the time of run was SYi h 
(b) Interference of inorganic and organic species on the mutual 
separation of coexisting Al"^, Fe'''^ and Ti''^ ions has not been 
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examined. 
(c) Effect of sample pH on the separation has not been 
investigated. 
(d) Influence of large quantity of one component on the separation 
of other component in the mixture has not been studied. 
(e) Repeatability and reproducibility of the method have not been 
examined. 
AOT is one of the most widely studied anionic surfactants by 
physical scientists and biochemists(23) as it is capable to form co-
surfactant free microemulsions and exhibits remarkably rich aqueous-
phase behaviour. However, its use by analytical chemist in chemical 
analysis is lacking. An effort has been made to utilize reversed 
micelles of AOT formed in hexane as mobile phase in normal-phase 
chromatographic analysis of phenol, naphthol and 2,4-dinitro toluene 
using both silica and bonded-phase columns(24). As far as we are 
aware, no work has been reported on the use of AOT-water-formic 
acid system as eluent in thin layer chromatographic analysis of metal 
cations. 
After careful survey of recent literature on planar 
chromatographic analysis of metal cations(25-27), we reached to the 
conclusion that the analytical potential of formic acid containing 
eluents has not been fully utilized. It was therefore, decided to use 
normal micelles of AOT with added aqueous formic acid solution as 
mobile phase in TLC analysis of heavy metal cations. The literature 
data also show that simultaneous separation of Al^^ Fe^ "" and Ti'*"' is 
very interesting and analytically difficult. It was therefore decided to 
establish optimum conditions for rapid separation and microgram 
detection of these cations by TLC. 
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2.2 EXPERIMENTAL 
All experiments were performed at 30±5°C 
Apparatus 
A thin layer chromatographic apparatus (Toshniwal, India). 
20x3.5 cm glass plates and 24x6 cm glass jar, spectrophotometer 
(ELICO, SL, 171 India) and pH meter (ELICO 18IE, India) were 
used. 
Reagents 
Silica gel 'G', formic acid, citric acid, tartaric acid, acetic acid, 
oxalic acid, hydrochloric acid, sulphuric acid and nitric acid (E. 
Merck. India); cellulose microcrystalline, kieselguhr, alumina, cetyl-
trimethyl ammonium bromide (CTAB) (CDH, India); sodium dodecyl 
sulphate (SDS) (Qualigens, India); Brij 35, Triton-100 (Loba chemie, 
India); and Aerosol -OT (AOT) (BDH, England) were used without 
further purification. 
Test Solutions 
1 % Standard aqueous test solutions were nitrate, sulphate and 
chloride of Al^^ W\ Hg^^ Cd^^ Ni^\ Co^^ C\x^\ Mn^^ Mo^", V 0 ^ \ 
Cr^^ and Zn "^^ . For Fe^ "*^ , 1% ferric chloride solution was prepared in 1 
% aqueous HCI, whereas 1 % titanium tetra chloride solution was 
prepared in 0.5% aqueous HCI. The titanium solution was stable for 
three to four weeks. 
Detectors 
Mo^" with 1 % aqueous ferric chloride; Fe"'^, Cu""", Ti'*'^  and 
VO""" with 1% aqueous potassium ferrocyanide; Ni^* and Co^^ with 
1% alcoholic dimethyl glyoxime in ammonia; Zn"*, Cd"^. Hg "^", Pb'"" 
with 0.5% dithizone in carbon tetrachloride; Al''"^  with 0.1 % aqueous 
aluminon solution; Mn^^ with 2M aqueous NaOH in 30% H2O2 in 1:1 
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(V/V) and Cr^^ with saturated solution of AgNOs in methanol were 
detected. 
Stationary Phase 
The following stationary phase were used. 
Symbol Composition 
S, Silica ge l 'G ' 
52 Alumina 
53 Alumina + silica g e l ' G ' ( 1 : 9 ; w/w) 
84 Alumina+silica gel 'G ' (1:1; w/w) 
S5 Aluminia+silica gel 'G ' (9:1; w/w) 
Sg Cellulose 
S7 Cellulose+silica gel 'G ' ( l :9 ; w/w) 
Sg Cellulose+silica gel 'G ' (1:I ; w/w) 
S9 Cellulose+silica gel 'G ' (9:1; w/w) 
Sio Kieselguhr 
Si, Kieselguhr+silica gel 'G ' ( l :9 ; w/w) 
S12 Kieselghur+silica gel 'G ' (1:1; w/w) 
Si3 Kieselghur+silica gel 'G ' (9:1; w/w) 
Mobile Phase 
The following mobile phase were used. 
Symbol Composition 
Aqueous surfactant solutions 
M| O.OOOIMAOT 
M2 O.OOIMAOT 
M3 O.OIMAOT 
Aqueous surfactant solution with carboxylic*, and mineral acids* 
M4 M2+formic acid (9:1 ;v/v) 
M5 M2+formic acid (1:1 ;v/v) 
Mft M2+formic acid (l:9;v/v) 
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Mj M2+acetic acid (1:1 ;v/v) 
Ms M2+oxalic acid (1:1; v/v) 
Mg M2+tartaric acid (:1; v/v) 
Mio M2+citric acid (1:1; v/v) 
M11 M2+hydrochloric acid (1:1; v/v) 
Mi2 M2+sulfuric acid (1:1; v/v) 
Mi3 M2+nitric acid (1:1; v/v) 
Aqueous surfactant solution with mononcarboxylic acid* (formic 
acid) 
M,4 O.OOIM CTAB+formic acid (1:1; v/v) 
M,5 O.OOIM SDS+formic acid (1:1; v/v) 
M,6 O.OOIM Triton-100+formic acid (1:1; v/v) 
M,7 O.OOIM Brij 35+formic acid (1:1; v/v) 
* Acids were taken as l.OM aqueous solution. 
Preparation of TLC plates 
(a) Plain silica gel, cellulose, alumina and kieselguhr thin layer 
plates 
Plain silica gel plates were prepared by mixing silica gel with 
double distilled water in 1:3 ratio with constant shaking until a 
homogeneous slurry was obtained. The resultant slurry was 
applied to the glass plates with the help of an applicator to give 
a 0.25 mm thick layer. The plates were dried at room 
temperature and then activated at 100±5°C by heating for Ih. 
The activated plates were stored in a closed chaimber ai room 
temperature unit used. Similarly TLC plates of plain cellulose, 
alumina and kieselguhr were prepared following the above 
mentioned process. 
(b) Mixed silica gel-cellulose, alumina or kieselguhr plates 
The mixtures containing cellulose, alumina or kieselguhr and 
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silica gel 'G' in different ratio (9:1, 1:1, 1:9 w/w) were slurried 
with double distilled water in 1:3 ratio by shaking until a 
homogeneous slurry was obtained. Thin layers of resultant 
slurry were prepared by following the method as described 
above in (a) 
Preparation of analyte samples 
(a) Preparation of spiked sea water, tap water and river water 
5 mi each of sea water (pH 8.47, collected from Anjana beach 
of the Arabian sea, Goa, India), river water (pH 7.50 collected from 
Ganga river at Naraura, India) and tap water (pH 7.23) was spiked 
with 1 ml solution each of Al•'^ Fe^ "^  and Ti''"^ salts and the resultant 
pH of the spiked samples were 1.83, 1.34 and 1.23 respectively. 
Aliquots 0.01 ml of resultant samples were applied separately on 
three activated TLC plates (Si) and chromatography was performed. 
(b) Preparation of bauxite solution 
1% sample solution of bauxite was prepared by adding 10 ml 
concentrate HCI in 1 g bauxite ore sample followed by adding 5 ml 
concentrate HNO3 and 15 ml (1:1) dilute H2SO4. The contents were 
heated at 100°C for 1 h. The Si02 present in the sample was separated 
by filtration. Filtrate was completely dried and the residue was 
dissolved in 1 % HCI. The Total volume was increased to 100 ml by 
adding 1% HCI. 
(c) Preparation of spiked bauxite solution 
5 ml of bauxite ore solution as prepared above was spiked only 
with 1 ml of 1% solution of titanium tetrachloride and 0.01 ml of 
resultant spiked sample was applied on activated TLC plate (Si) and 
chromatography was performed. It was done as we could not detect Ti"*' 
in real bauxite sample solution as described above in (b) on TLC plates. 
51 
Procedure 
About 0.01 ml of test solutions, spiked ore solution or unspiked 
ore solutions was spotted separately on activated TLC Plates (Si). The 
spots were air dried and were developed with solvent systems ( M r 
Mn) by the ascending technique upto 10 cm from the point of 
application in glass jars. After the development, the plates were 
withdrawn from glass jars, air dried and sprayed with suitable 
detectors to locate the position of the analyte as colourful spot. RL 
and RT values for detected spots were determined and the Rp value 
was calculated. 
For separation, equal volumes of metal cations were mixed and 
0.01 ml of the resultant mixture was loaded on the activated TLC ( S r 
S13) plates. The plates were developed with selected mobile phase M5, 
the spots were detected and Rp values of the separated metal cations 
were calculated. 
To study the effect of the presence of organic and inorganic 
species as impurities on the separation of metal cations, 0.01 ml each 
of Al \ Fe ^ and Ti"*^  metal cations standard test solutions was 
spotted on TLC plates (S|) followed by the 0.01 ml spotting of 
organic or inorganic species (which were considered as impurities). 
The plates were developed with M5, detected and Rp values of the 
separated metal cations were calculated. 
The limits of detection of the metal cations were determined by 
spotting 0.01 ml of metal salt solutions on the TLC plates (Si) which 
were developed with M5 and the spots were visualized using the 
appropriate detector. This process was repeated with successive 
reduction of the concentration of the metal salts by adding 
demineralized double distilled water, except Ti"*^  for which 1 % 
aqueous H O was used for dilution, until no detection was possible. 
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The amount of metal just detectable was taken as the detection limit. 
In order to achieve the separation and detection of metal 
cations at different pH values, the pH of the test samples were 
brought to the required value by adding borate phosphate buffer 
solutions of different pH. 
For microgram separation of Fe from milligram quantities of 
A^" ,^ TLC plate (Si) was spotted with 0.01ml of iron salt solution 
containing 3.43jig Fe^ "^  followed by spotting of 0.01 ml of aluminium 
salt solution containing 1.27 mg-2.53 mg Al^ "*^  at the same place. The 
spots were dried, the plates developed with M5 and visualized, RL and 
RT values determined for both the metal cations. The same procedure 
was followed for microgram separation of Al^ "^  from milligram 
quantities of Fe^ "^  for which S|) was spotted with 1.26|ig Al^* and 
0.17-0.51 mgFe^^ 
Spectrophotometric determination of aluminium: 
Spectrophotometry of aluminium after TLC separation from 
iron and titanium was carried out as follows. A sample of aluminium 
nitrate solution containing 3.16 to 38.01 |ig of aluminium was treated 
with Iml of 0.1% aqueous aluminon and the volume was made upto 10 
ml with demineralized double distilled water. After thorough mixing 
the solution was left for 10 minutes for complete colour development. 
The- absorption spectrum of this solution against reagent blank over 
400-6-80 nm gave a maximum absorbance peak at 540 nm (Xmax) using 
1cm c|;lls and a standard curve was constructed (Fig. 2.4a). The 
coloui- produced with aluminium was stable and proportional to 
aluminium concentration. 
This spectrophotometric method was used to determine 
aluminium. The recovery of aluminium after separation from iron and 
titanium was determined as follows. 
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Different volumes (0.0 1-0.12 ml) of aluminium nitrate solution 
containing 3.16 to 38.01 |ig aluminium were spotted on the TLC (Si) 
plates. After the spots were completely dried, 0.1 mg of iron and 
titanium salt solutions were spotted on the same spot on the TLC (Si) 
plates and the plates were redried at room temperature. The dried 
plates were developed in M5. A pilot plate was also run 
simultaneously to locate the position of aluminium. After 
development the region containing the aluminium spot on the pilot 
plate was detected the corresponding region on the working plates 
(undetected spot) was marked and this area of adsorbent was scraped 
into a clean beaker and followed by the adding of 25 ml of 
demineralized double distilled water. Beaker was kept in oven at 60°C 
for Ih. The adsorbent was separated from the solvent by filtration 
process, and followed by washing of the adsorbent with demineralized 
double distilled water, to ensure complete extraction of aluminium. 
The filtrate was kept on water bath for complete removal of formic 
acid, (it would be present in scraped adsorbent due to the mobile 
phase M5 used). The residue was dissolved in demineralized double 
distilled water (2ml) and I ml chromogenic reagnet (0.1 % aqueous 
aluminon) was added to it. The total volume in each case was 
maintained to 10 ml using demineralized double distilled water. The 
solution was left for complete colour development for 10 minutes. 
The absorbance spectra of this solution was measured against reagent 
blank at 540 nm. (?Lniax) using 1 cm cells and a recovery curve was 
constructed (Fig. 2.4b). 
The percentage recovery of aluminium after its 
chromatographic separation from iron and titanium and the relative 
error, were obtained. The constructed standard curve was used to 
estimate the aluminium present in different bauxite ores collected 
from Madhya Pradesh, central India and east coastal region. 
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For checking repeatability of Rp values, equal volumes of 1 % 
metal salt solutions of Ti'* ,^ Fe"'"^  and AI^^, were mixed and 0.01 ml of 
the resultant mixture was loaded on the activated TLC plates (S|). The 
plate was developed with M5 and spots were detected. The same 
process was repeated five times by the same analyst within a day 
(short interval of time) and Rp value of separated metal cations were 
calculated: 
For reproducibility, the same process as mentioned above, was 
repeated by different analysts in the same laboratory for seven days. 
2.3 RESULTS AND DISCUSSION 
The result of this study have been summarized in Tables!.1-2.3 
and Figures 2.1-2.4. The mobility of 14 metal cations was examined 
on silica gel G layer using aqueous solution of AOT. The interesting 
unique features of this study are. 
1. Selection of micellar systems composed of anionic surfactant, 
Aerosol-OT (AOT) as mobile phase. AOT bears a fraction of 
negative charge and tends to attract positively charged species 
including metal cations. 
2. Utilization of formic acid as an additive in the mobile phase. 
Formic acid being a carboxylic acid is capable to form 
complexes with certain metal ions(28) and is sufficiently acidic 
[Ka (H2O) at 25°C=1.77x10"''] to check the hydrolysis of salts. 
Its reducing properties do not permit the oxidation of metal 
cations during analysis. The acidic developers containing 
formic acid are less affected by silica gel properties and 
provide excellent resolution of afiatoxins(29) and cations(30). 
3. Realization of mutual separation of Al^ "^ , Fe"'"*^  and Ti''^ from 
their mixtures and examination of effect of various factors on 
the separation of co-existing Al"'^, Fe"'^  and Ti''^ ions. 
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4. Quantitative determination oiF?rr by spectrophotometry with 
preliminary separation from other metal cations. 
5. Application of proposed method to the analysis of several real 
and synthetic samples containing Al^"^, Fe "^  and Ti "^ . 
(A) Optimizatiun of mobile phase system 
1. Effect of concentration of surfactant on mobility of metal cations 
To examine the effect of concentration level of surfactant on 
the mobility of metal cations, chromatography was performed on 
silica gel layers using different concentrations of surfactant in mobile 
phase (M1-M3). This concentration range of AOT was selected to 
perform the chromatography with mobile phase systems which have 
the surfactant concentration (a) below its critical micelle 
concentration (cmc) value (b) near cmc and (c) above cmc. 
The Rp values of metal cations obtained in aqueous solutions of 
AOT (M1-M3) at various concentration levels have been presented in 
Table 2.1. From the data of Table 2.1 following conclusions are 
drawn. 
(i) Metal cations such as Fe^\ Cn^\ Zn^\ Al^" and VO^^ 
show very little mobility (Rp- 0.08) whereas Ti"*"^  and 
Pb^ "^  show no mobility (Rp^O.O) at all concentration 
levels of aqueous AOT. 
(ii) Ni^^ produces badly tailed spots at all concentrations of 
AOT. Hg""^  shows tailed spots at AOT concentration 
levels of 0.0001 and O.OIM whereas it produces well 
formed compact spot at 0.00IM AOT. This observation 
indicates that tailed spots for Hg^ "^  occur when the 
surfactant concentration is either below or above its cmc 
value. The cmc of AOT is 0.00064M. Cd"^ shows tailed 
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spots only with M3 (AOT^O.OIM) mobile phase. 
(iii) Co'^ "^  and Mn^"*^  show intermediate Rp values which 
fluctuate between 0.62-0.66 and 0.44-0.54 for Co^^ and 
Mn^ "^  respectively. 
(iv) Mo^ "^  shows constant and high mobility ( R K = 0 . 9 8 ) and 
forms well compact spots at all concentration levels. 
(v) Mobility of Cr^ "^  increases with the increase in 
concentration of AOT. However, badly tailed spots at 
concentration level below the cmc of AOT (Mi) were 
observed. 
As more compact spots for cations were realized at 0.00IM 
AOT, this mobile phase (M2) was selected for further studies. 
2. Synergistic effect of formic acid on mobility of metal cations 
The effect of formic acid, a monocarboxylic acid on the 
mobility of metal cations was studied, using mobile phase consisting 
of 0.00IM AOT and formic acid in different volume ratios (M4-M6). 
The Rp values of metal cations observed with these mobile phases are 
presented in Fig. 2.1. From this figure following trends about the 
mobility of metal ions are noticeable. 
(i) Mobility of most of the metal cations such as Fe"'^, Cu^^. 
Wi^\ CQ^\Zn^\ Hg^\ Cd^^ Al^^ and Mn^^ was found to 
increase with increase in volume ratio of formic acid with 
O.OOIM AOT in mobile phase systems (M4-M6) 
(ii) VO "^  shows badly tailed spots at all volume ratios of 
formic acid. 
(iii) Ti "" and Pb^^ remain at the point of application regardless 
the concentration level of formic acid. 
(iv) Cr "" forms double spots, first spot appears near the 
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solvent front ( R F = 0 . 9 3 ) on TLC plate whereas the second 
spot appears in the middle of the plate. The Rp value of 
second spot depends on the forming acid concentration 
and varies from R F = 0 . 5 2 to 0.64 with the increase in 
volume ratio of formic acid in the mobile phase systems 
(M4-1VI6) containing 0.00IM AOT. 
It was observed that formic acid acts as a promoter of mobility, 
it is probably due to the higher density of H* ions in formic acid 
containing mobile phase systems, which compete the cation for the 
exchange on silica gel layer, with enhanced compactness of spots for 
most of metal cations with exception of VO . 
From the above studies, a TLC system constituting of silica gel 
as stationary phase (Si) and O.OOIM aqueous AOT plus IM aqueous 
HCOOH in 1:1 ratio as mobile phase (M5) was identified as the most 
favourable system for the separation of Ti "^ , Fe"'"^  and Al^* from their 
mixtures Fig. 2.2. The order of mobility (Rp given in parenthesis) was 
A P ^ (0.83) > Fe^^(0.48) > Ti'*^(0), which is analogous to the mobility 
trend reported by A. Lacourt et al (31), who separated these cations 
by paper chromatography using formic acid containing eluents. 
To search out most favourable experimental conditions for 
mutual separation of coexisting Al''" ,^ Fe^ "^  and Ti''"' ions, following 
factors were examined. 
(a) To understand the effect of carboxylic and mineral acids on the 
separation of coexisting Ap"", Fe^ "" and Ti''"', formic acid (l.OM) in M2 
was replaced by l.OM of other acids and the resultant mobile phase 
systems were used for chromatography. The obtained results as shown 
in Fig.2.3 indicate the following trends. 
(i) Mineral (HCI and HNO3) and carboxylic (citric, tartaric, 
acetic and oxalic) acids have serious influence on the 
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mobility of AP"" and Fe^ "^  and hence hamper the 
separation. 
(ii) Ti''"' could not be detected in the presence of citric, 
tartaric, oxalic, hydrochloric and nitric acids. 
(iii) The simultaneous separation of Al^^, Fe"'* and Ti"^ "^  is 
possible only with mobile phase system containing either 
formic (M5) or sulphuric (M12) acid in combination with 
AOT. 
(iv) Compared to H2SO4, better separation was with formic 
acid containing eluent because of the formation of more 
compact spots of analytes. 
(b) Effect of added surfactants in the mobile phase 
The effect of nature of surfactants (anionic, cationic and non 
ionic) of the same molarity (O.OOIM) added to l.OM formic acid in 1: 
1 ratio (M14-M17), on separation of coexisting Al^*, Fe''^ and Ti"*"^  was 
studied. It was found that the mobility of Ti''^ ( R F = 0 . 0 ) remain 
unaltered. Irrespective of the nature of surfactant in the mobile phase 
(M14-M17). However, a little change in Rp values for Fe^ "" and Al^ "" 
was observed. The cationic surfactant (CTAB) containing mobile 
phase (M14) promotes the mobility of both Fe^ "^  ( R F = 0 . 6 7 ) and AT* 
(RF"=0.90) from their standard Rp values 0.48 and 0.83 respectively in 
M5, without hampering the possibilities of simultaneous separation of 
kV\ Fe^' and Ti'". 
(c) Effect of nature of sorbent layers 
In order to establish the effectiveness of silica gel 'G ' . the 
mutual separation of Al"'"^ , Fe"'"^  and Ti"**, was examined using 
different sorbent layers. 
Thin layers of pure cellulose, alumina and kieselguhr G fail to 
59 
resolve the three-component mixture of AV^, Fe"'"" and Ti "". 
Separation of coexisting Al'^ "*^ , Fe^ "" and Ti"'"', is possible only if silica 
gel G is kept > 50% (w/w) in mixed adsorbent thin layers. Low 
weight ratio of silica gel G with alumina, cellulose and keiselguhr G 
causes tailing in Fe^^, 
(d) Effect of impurities 
The presence of heavy metal cations, pesticides, phenols, 
alcohols, ketones and urea in the sample as impurities do not 
influence the mutual separation of Al^ "^ , Fe^ "^  and Ti'"*^  although the Rp. 
value of Fe^ "^  is slightly modified (Rp varies between 0.62 to 0.39) 
from its standard value ( R F = 0 . 4 8 ) in the presence of impurities. 
Amines (dimethyl, triethyl and tributyl) and anions (P04^~ and SCN") 
were found to hamper the separation. These impurities converted the 
compact spot of Fe^* into badly diffused spot. 
(e) Effect ofpH of test sample 
It was found that Ai^ "*^ , Fe'^ "^ , and Ti''"^  can be easily separated 
from each other upto pH 2.3. At higher sample pH, Ti"*"^  and Fe"'^  get 
precipitated. Thus separation of coexisting Fe "^^ , AT"^  and Ti'*^ is 
possible, only upto pH 2.30 of sample solution. 
(f) Effect of loading amount of analyte 
It was observed that 3.43 ^g of Fe''^ can easily be separated 
from 1.78 mg of Al^ "". Similarly 1.26 |ig of Al^ "^  can be separated from 
0.40 mg of Fe^ "^ . Thus milligram quantities of one metal cations can 
be successfully separated from microgram amounts of other cation, 
using the proposed TLC system. 
(g) Limit of detection 
The lowest possible detectable microgram amounts alongwith 
dilution limits (given in parenthesis) of heavy metal cations obtained 
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on silica gel 'G' layers (Si) developed with M5 were Fe""^  (0.0425; 
1:2.35x10^), Al^* (0.0005; 1:2.0x10^) and Ti^^ (0.2008; 1:4.9x10'*). 
These data show that the proposed method is very efficient to identify 
these metal cations at trace level. 
(h) Quantitative determination of Al^^ 
The calibration curve for Al^ "^  was constructed (Fig 2.4a,b). The 
absorbance gives a linear relationship in the concentration range 3.16 
to 38.0]pg of A]^"". The maximum recovery of Al"'"' after the TLC 
separation from Fe^ "^  and Ti''"^  is 94%. 
It was observed that the percentage amounts of Al"'^ present in 
Madhya pradesh, central India and east coastal bauxites are 37.75, 
62.5 and 57.5 respectively, which fall within the range of percentage 
content of Al * actually present in the bauxite ores. 
(i) Validation parameters 
The RSD of reproducibility and repeatability of our proposed 
method were not more than + 4.41%. and + 7.085% respectively. 
(J) Applications 
Some important separations of metal ions obtained 
experimentally on silica gel 'G' layer (Si) with mobile phase systems 
M3, M4 and M5 have been listed in Table 2.2. The results related to 
the separation and identification of Al^ "^ , Fe^ "^  and Ti''"' in various 
spiked matrices and bauxite ore samples are listed in Table 2.3. These 
data clearly demonstrate the applicability of the proposed method for 
simultaneous separation of Al^^, Fe^^ and Ti"*"" from a variety of 
samples. 
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Table 2.1: Effect of Surfactant (AOT) Concentration on the 
Mobility of Metal Cations 
Metal cations 
Fe^^ 
Cu^^ 
Ni^ -^  
Co'^ 
Ti'" 
Pb^" 
Zn^^ 
Hg^^ 
Cd^" 
Al^^ 
Mn'" 
Mo'" 
Cr'" 
VO^" 
M, 
0.08 
0.08 
0.78T 
0.62 
0.0 
0.0 
0.08 
0.20 T 
0.30 
0.05 
0.44 
0.98 
0.50 T 
0.08 
M2 
O.ll 
0.10 
0.82T 
0.63 
0.0 
0.0 
0.11 
0.15 
0.28 
0.09 
0.54 
0.98 
0.86 
0.13 
M3 
0.09 
0.06 
0.65T 
0.66 
0.0 
0.0 
0.09 
0.22 T 
0.35T 
0.10 
0.50 
0.97 
0.91 
0.09 
T=Taileci spot ( R L - R T > 0 . 3 ) 
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Table 2.2: Separations Achieved Experimentally on Silica gel 'G' 
Layer Developed with Different Mobile Phase Systems 
Mobile Phase Separation 
M3 Cr^^(0.92) -Mn^"'(0.51) -Cu^^(0.05)/ VO^^ or 
Fe^^(0.07)/ Ti'^ ^CO.O)/ Zn^^ or Al^^ (0.09). 
M4 Co^^(0.77) -Al^^(0.52) -Fe^^(0.18)/Pb^^ or Ti^" 
(0.07) 
M5 Ni^^(0.86)/ Mn^*(0.84)/ Co^^(0.90)/ Zn^^(0.80)/ Cd^^ 
(0.85)/ Hg^^(0.76)/ Al^^(0.81) -Fe^^+(0.51) -Pb^* or 
Ti''^(0.0) 
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Table 2.3: Separation and Identification of Al^ *. Fe^ "^  and Ti^ ^ 
Cations from Spiked and Bauxite Ores Samples. 
Mobile Phase: M5 
Samples 
Sea water 
River water 
Tap water 
Central India bauxite 
Spiked central India 
East coastal bauxite 
bauxite 
Spiked east coastal bauxite 
Madhya Pradesh bauxite 
Spiked Madhya 
bauxite 
Pradesh 
AP" 
0.77 
0.81 
0.83 
0.80 
0.81 
0.81 
0.80 
0.83 
0.83 
Separations (Rp) 
Fe 
0.30 
0.52 
0.51 
.043 
0.43 
0.44 
0.45 
0.52 
0.51 
X 1 
0.0 
0.0 
0.0 
N.D. 
0.0 
ND 
0.0 
N.D. 
0.0 
ND==Not detected 
64 
cc 
I 
«r 
I 
C 
2 
u 
o 
s 
o 
o 
E 
c 
es 
s 
u 
e 
° c 
" o 
C JZ 
^ o 
&iD 
'y iZ 
65 
Al 3+ 
Fe 3+ 
Ti 4+ 
Fig. 2.2: Separation pattern of coexisting AI 
phase on S| stationary phase 
3+ Fe-*^  and Ti^^ with M5 mobile 
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Chapter-Ill 
Use of Sodium bis(2-ethyl hexyl) 
sulphosuccinate (AOT) Anionic Surfactant 
Mobile Phase Systems in Thin-Layer 
Chromatography of Amino Acids: 
Simultaneous Separation of S-Containing 
Amino Acids, 
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3.1 INTRODUCTION 
Thin layer chromatography (TLC) being simple and cost 
effective has been used by several workers (1-4) as an analytical tool 
for rapid analysis of amino acids and heavy metal cations. Most of the 
workers have used silica gel (5-7), alumina (8-10), cellulose and 
cellulose derivatives (11-12),-chitin-and chitosan (13-14) polyamide 
(15), as layer materials in combination with aqueous, mixed-organic 
and mixed aqueous-organic solvents as mobile phase. Salting out 
reversed-phase TLC has been successfully employed for rapid analysis 
of dansylated amino acids by T. Cserhati et al. (16). Interesting 
separations of racemic aromatic amino acids have been reported on 
cellulose layers using concentrated aqueous solutions of a or p 
cyclodextrins (17-18). Ravi Bhushan and co-workers have achieved 
improved separations of closely related amino acids on surface-
modified silica gel layers (19-20). 
Micellar liquid chromatography (MLC) involving the use of 
surfactant ions above their critical micelle concentration (CMC) in 
mobile phase has been the focus of numerous separation studied (21-
25) since its inception in 1977 by Armstrong and co-workers (26). 
With the aim of utilizing advantageous features such as 
inexpensiveness, non-toxicity and non-inflammability of surfactant-
mediated mobile phase, a novel microemulsion system consisting of 
sodium dodecyl sulfate (SDS), as one of the components, was proposed 
by A. Mohammed et al. (27) to achieve certain important separations of 
amino acids on silica gel layer. 
Traditionally, the enhanced separation efficiency of micellar 
systems has been achieved by adding small quantities of organic 
additives e.g. 1-propanol or 1-pentanol (28,29). However, in the 
present investigation we have realized improved separation efficiency 
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for coexisting sulfur bearing amino acids with a hybrid mobile phase 
system consisting of micelles of AOT [Sodium bis (2-ethyl hexyl) 
sulfosuccinate, anionic surfactant], DMSO (dimethyl sulfoxide) and 1-
butanol. Interestingly best separation was possible only when the 
concentration of 1-butanol was kept above 50% in the mobile phase. 
Thus deviating from earlier findings (28,29), our results establish 
higher concentration of alcohol in combination with micellar systems 
for achieving analytically different separations. 
To the best of our knowledge, no work has been reported on the 
use of AOT micellar solution containing 1-butanol and DMSO as 
mobile phase in the analysis of amino acids by silica TLC. 
DMSO was selected because of our past experience (30) that as 
being an aprotic dipolar solvent with hard oxygen and soft sulfur, 
which provide numerous separation of inorganic substances by 
solvating cationic species in preference to anionic species. Recently, 
DMSO has been utilized by S.D, sharma et al. (31) as the mobile phase 
for TLC of amino acids on titanium tungstate. 
3.2 EXPERIMENTAL 
All experiments were performed at 30+5°C apparatus. 
Apparatus: A TLC applicator (Toshniwal, India) was used for coating 
silica gel on 20x3.5 cm glass plates. The chromatography was 
performed in 24x6 cm glass jars. A glass sprayer was used to spray 
reagent on the plates to locate the position of the spot of analyst. 
Chemicals and Reagents: Amino acids and DMSO (CDH, India), 
methanol, ethanol, 1-propanol and 1-butanol (Qualigens, India), Silica 
gel 'G' (E. Merck, India) and Aerosol-OT (BDH, England). All 
reagents were of Analar Reagent grade. 
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Amino acids studied: DL-tryptophan (dl-Trp), L-tryptophan (1-Trp), 
DL-iso-leucine (dl-Ile), L-iso-leucine (1-Ile), L-hydroxy proline (1-
Hyp), L-proline (1-Pro), DL-aspartic acid (dl-Asp), L-arginine (1-Arg), 
L-lysine (1-Lys), L-cysteine (1-Cys), L-cystine (1-Cys-Cys), L-
methionine (1-Met), DL-valine (dl-Val), L-vaiine (1-Val), glycine 
(Gly), DL-alanine (dl-Ala), DL-phenyl alanine (dl-Phe), DL-serine (dl-
Ser) and L-serine (1-Ser). 
Test solutions: All the test solutions (1%) except 1-Cys solution were 
prepared in demineralized double distilled water with a specific 
conductivity (k=2xl0"^ ohm"' at 25°C). The 1% solution of 1-Cys was 
prepared in 0 . 1 % aqueous HCl solution. 
Detector: 0 .3% ninhydrin solution in acetone was used to detect all the 
amino acids. 
Stationary Phase: Silica gel ' G ' . 
Mobile Phase: The following solvent systems were used as mobile 
phase. 
Symbol Composition 
M, O.OOOIM aqueous AOT 
M2 0.00IM aqueous AOT 
M3 O.OIM aqueous AOT 
M4 M2 + I-butanol (9.5: 0.5 v/v) 
Ms M2 + DMSO + 1-butanol (1:2:9: v/v) 
M6 M2 + DMSO + 1-butanol (2:2:8; v/v) 
M7 M2 + DMSO + 1-butanol (3:2:7; v/v) 
Mg M2 + DMSO + 1-butanol (4:2:6; v/v) 
Mc, M2 + D M S O + methanol (3:2:7; v/v) 
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M,o M2 + DMSO + ethanol (3:2:7; v/v) 
M,, M2 + DMSO +l-propanol (3:2:7; v/v) 
Preparation of TLC Plates: The plates were prepared by mixing silica 
gel with water in 1:3 ratio with constant shaking until homogeneous 
slurry was obtained. The resultant slurry was applied on the glass 
plates with the help of a Toshniwal applicator to give a 0.25 mm thick 
layer. The plates were dried in air at room temperature and then 
activated by heating for 1 h at 100+5°C in an electrically controlled 
oven. The activated plates were stored in a close chamber at room 
temperature until used. 
Procedure: Test solutions (approx. 10 |il) were applied by means of 
micropipets approximately about 2.0 cm above the lower edge of the 
plates. The plates were developed in the chosen solvent system by the 
ascending technique. The solvent ascent was fixed to 10 cm in all 
cases. After development was complete,. The plates were withdrawn 
from glass jars and dried at room temperature followed by spraying 
with freshly prepared ninhydrin solution. All amino acids except 1-Pro 
and 1-Cys-Cys appeared as violet spots on heating TLC plates for 15-20 
minutes at 100+5°C. 1-Pro and 1-Cys-Cys produce yellow spots. The R.L 
(RF of leading front) and Rj (RF of trailing front) values for each spot 
were determined and the Rp value was calculated as: 
Rr =— 
Separation: For the mutual separation, equal amounts of 1-Cys, 1-Cys-
Cys and 1-Met were mixed and 20 |il of the resultant mixture was 
loaded on the TLC plates. The plates were developed with mobile 
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phase M7 the spots were detected and the Rp values of the separated 
amino acids were determined. 
Interference: For investigating the interference of heavy metal cations 
on the separation of co-existing 1-Cys, 1-Cys-Cys and 1-Met. An aliquot 
(10 ul) of foreign substance was spotted along with the mixture (10 \xX) 
of 1-Cys, 1-Cys-Cys and 1-Met and Chromatography was performed as 
described above with M7. The spots were detected and the Rp values of 
amino acids were determined. 
Microgram Separation of l-Cys from l-Met and Vice Versa: For this 
study TLC plate was first spotted with 0.01 ml of the 1-Cys (10 |ig) 
solution and then with 0.01 ml from a series of standard solutions of 1-
Met containing 0.1 mg-1.2 mg per 0.01 ml onto the same TLC plate. 
Simultaneously another chromatoplate was first spotted with 0.01 ml of 
1-Met (10 |ig) solution and then with 0.01 ml of the standard solutions 
containing 0.1 mg- 1.8 mg 1-Cys per 0.01 ml onto the same TLC plate. 
The spots were dried, the plates were developed with M7 and the 
separated spots were visualized. The RL and Rj values were calculated 
for both the sulfur containing amino acids. 
Limit of detection: The identification limits of various amino acids 
including 1-Cys, I-Cys-Cys and 1-Met were determined by spotting 
different amounts of amino acids on the TLC plates. The plates were 
detected as described above. The method was repeated with successive 
lowering of the amount of amino acid until spots could no longer be 
detected. The minimum amount of amino acid that could be detected 
was taken as the limit of detection. 
Semiquantitative Determination by Spot- Area Measurement: For 
semiquantitative determination by spot area measurement method, lO1.1l 
from a series of various standard solutions (0.5-2.5%) of l-Cys, 1-Met, 
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l-Try, dl-Try, dl-Asp, Gly, dl-Val and 1-Val were spotted on silica 
gel layers. The plates were developed with M7. After detection the 
spots were copied onto tracing paper from the chromatoplates and then 
the area of each spot was calculated. 
3.3 RESULTS AND DISCUSSION 
In order to select a most appropriate concentration of an anionic 
surfactant, we used 0.01-O.OOOlM aqueous solutions of AOT. This 
concentration range was selected to keep the concentration range was 
selected to keep the concentration of surfactant below, near and above 
critical micelle concentration (CMC) valve. The reported cmc value of 
AOT is 0.00064M. 
The result of the mobility pattern of amino acids on silica layer 
developed with M1-M3 mobile phase e.g. 0.0001- O.OIM AOT are 
summarized in Table 3.1. It is evident from this table that all the 
studied amino acids except 1-Cys-Cys show higher mobility or high Rp 
value regardless the concentration level of AOT. 1-Cys-Cys remain at 
the point of application ( R F = 0 . 0 ) and hence it can be selectively 
separated from all other amino acids mentioned in Table 3.1. 
Taking into consideration the compactness and the clearer 
detection of spots the mobile phase M2 (O.OOIM AOT) is selected for 
further studies. The chromatorgarphic performance of surfactant 
mediated systems have been found to greatly improved by the presence 
of added alcohols (32). Therefore, we tested the mobile phase (M4) 
comprising of O.OOIM aqueous AOT and 1-butanol with the hope of 
achieving better separations. The Rp values of amino acids obtained in 
M4 are listed alongwith ARp values (Rp in M^-Rp in M4) in Fig. 3.1. It 
is clear from Fig. 3.1 that in general the mobility of almost all the 
amino acids is decreased in the presence of 1-butanol as evident by 
positive values of ARp. Contrary to our ^op^"i!ifs lowering in mobility 
of amino acids does not produce improved separations. 
As the mutual solubility of 1-butanol and 0.00IM AOT (M2) is 
very low (maximum solubility of 1-butanol in AOT and vice versa was 
9.5:0.5; v/v) at normal room temperature, we concluded that it would 
not be possible to achieve important separations using mobile phase M4 
until mutual solubility of these two partially miscible liquids is 
enhanced. For this purpose unique solubilizing property of a polar 
aprotic solvent (e.g. DMSO) was utilized by adding it as a third 
component into M4. The resulting solvent systems (Ms-Mg) containing 
a fixed volume of DMSO and variable volumes of AOT (0.00 IM) and 
1-butanol were tested. The Rp values of amino acids obtained on silica 
gel 'G ' layers developed with Ms-Mg are summarized in Table 3.2. 
It is clear from Table 3.2 that mobility of most of the amino 
acids increase with the increase in volume ratio of aqueous AOT to 
1-butanol. 1-Pro remains near the point of application (Rp range 
0.33-0.37) and 1-Cys-Cys is remained at the point of application 
( R F = 0 . 0 ) at all volume ratio of mobile phase components (Ms-Mg). 
Thus 1-Cys-Cys can be selectively separated from all amino acid 
studied. The intermediate mobility of 1-Met ( R F - 0 . 5 3 ) and lower 
mobility of 1-Cys ( R F = 0 . 2 3 ) in M7 were found useful for their specific 
separations from 1-Cys-Cys. 
Thus M7 is considered the most suitable mobile phase as it 
facilitates the mutual separation of sulfur containing amino acids 
1-Cys. 1-Cys-Cys and 1-Met. Fig. 3.2. 
In order to examine the influence of different alcohols on the 
separation of 1-Cys, 1-Cys-Cys and 1-Met, 1-butanol in My was 
replaced by methanol, ethanol and 1-propanol and the resultant mobile 
78 
phases M9-M11 were used to determine the mobility of sulfur 
containing amino acids on silica layer. The results obtaiend with 
M9-M11 and M7 are presented in Fig. 3.3. From this tlgure where it is 
evident that the 1-Cys co-migrates with 1-Met imposing a restriction 
on mutual separation of 1-Cys from 1-Met. Though, the mobile phase 
systems M9-M11 are capable to provide binary separation of 
I-Cys-Cys from 1-Cys or 1-Met but their separation from three 
component mixture is not possible. However, a very reliable and clear 
separation of coexisting 1-Cys, 1-Cys-Cys and 1-Met is always 
possible with M7, therefore it may be concluded that lower alcohols 
(C1-C3) are not favourable for the separation of sulfur containing 
amino acids. 
From the data listed in Table 3.3, it is evident that the Rp value 
of 1-Met is decreased considerably in the presence of Pb^^ and the Rp 
of 1-Cys and 1-Cys-Cys remain almost unchanged. Though the 
separation of 1-Cys, 1-Cys-Cys and 1-Met from their mixture is 
possible in the presence of Pb , but the separation is hampered in the 
presence of Hg in the sample. The separation is not altered by the 
presence of other metal cation studied (Table 3.3). 
It was observed that 10 fig of 1-Cys can easily be separated from 
1.2 rng of 1-Met, Similary 10 }ig of 1-Met can be separated from 1.8 
mg of 1-Cys. Thus milligram quantities of one amino acid can be 
successfully separated from microgram amounts of the other amino 
acid using the proposed TLC system. 
The lowest possible detectable microgram amounts along with 
dilution limits amino acids (give in parenthesis) on silica layer were 
1-Met (0.125, 1.8x10'), 1-Cys (0.20, l:5xlO'), l-Cys-Cys (1.0. 
1:1x10'). dl-Try (0.33, 1:3xl0'), and dl-Ile (0.16; I : I6xI0 ') . 
79 
An attempt has also been made for semiquantitative 
determination of 1-Cys, 1-Met, 1-Trp, dl-Trp, dl-Asp, Gly., dl-Val 
and 1-Val by Spot area measurement method. The spots obtained were 
copied on tracing paper from the chromatoplates and the spot area was 
measured. A relationship between the spot area and microgram 
quantities of amino acis follow the equation £,=km, where £, is the spot 
area, m is the spotted amount and k is constant and linear curves are 
obtained whereas at high concentration, a negative deviation from 
linear law in all cases is noticed. 
Applications: Several important separations of amino acids were 
experimentally achieved on silica gel layers developed with a variety of 
mobile phase systems. These separations have been listed in Table 3.4. 
Table 3.1: Mobility of Amino Acids on Slica Gel Layers Developed 
with Different Concentration of AOT in Water. 
Amino acid 
dl-Trp 
1-Trp 
dl-Ile 
1-Ile 
1-Hyp 
1-Pro 
dl-Asp 
1-Arg 
1-Lys 
l-Cys 
1-Cys-Cys 
1-Met 
dl-Val 
1-Val 
Gly 
dl-Ala 
dl-Phe 
dl-Ser 
1-Ser 
M, 
0.95 
0.94 
0.89 
0.88 
0.82 
0.85 
0.96 
0.79 
0.83 
0.97 
0.0 
0.90 
0.89 
0.86 
0.91 
0.91 
0.82 
0.95 
0.97 
M^ 
0.93 
0.91 
0.86 
0.54 
0.78 
0.80 
0.91 
0.77 
0.80 
0.93 
0.0 
0.88 
0.84 
0.83 
0.89 
0.87 
0.80 
0.93 
0.94 
M3 
0.91 
0.90 
0.83 
0.80 
0.75 
0.78 
0.88 
0.74 
0.75 
0.88 
0.0 
0.83 
0.75 
0.78 
0.84 
0.85 
0.80 
0.90 
0.90 
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Table 3.2: Mobility of Amino Acids on Silica Layers Developed 
with Mixed Mobile Phases Consisting of Fixed Volume 
of DMSO and Variable volumes of AOT (O.OOIM) and 
1—butanol. 
Amino acid 
dl-Trp 
1-Trp 
dl-Ile 
1-Ile 
I-Hyp 
1-Pro 
dl-Asp 
1-Arg 
1-Lys 
L-cys 
1-Cys-Cys 
L-met 
dl-Val 
L-val 
Gly 
dl-Ala 
dl-Phe 
dl-Ser 
1-Ser 
Ms 
0.49 
0.45 
0.48 
0.55 
0.21 
0.33 
0.05 
0.06 
0.04 
0.09 
0.0 
0.42 
0.32 
0.36 
0.14 
0.23 
0.53 
0.14 
0.15 
M6 
0.55 
0.50 
0.49 
0.58 
0.23 
0.33 
0.10 
0.09 
0.06 
0.17 
0.0 
0.45 
0.37 
0.40 
0.19 
0.29 
0.55 
0.19 
0.18 
M7 
0.67 
0.66 
0.61 
0.63 
0.32 
0.34 
0.27 
0.19 
0.12 
0.23 
0.0 
0.53 
0.46 
0.49 
0.30 
0.32 
0.66 
0.31 
0.31 
Ms 
0.78 
0.75 
0.72 
0.72 
0.41 
0.37 
0.45 
0.21 
0.20 
0.45 
0.0 
0.58 
0.52 
0.56 
0.38 
0.41 
0.75 
0.34 
0.38 
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Table 3.3: Separation of I-Cys-Cys, I-Cys and 1-Met from their 
Mixtures, in the Presence of Metals Cation as 
Impurities on Silica Layers Developed: 
Fe^^ 
Cu^^ 
Ni^^ 
Co^^ 
UO2'" 
A\'^ 
Cd^" 
Zn^^ 
Pb^" 
Hg^^ 
vo'" 
1-Cys 
0.21 
0.23 
0.22 
0.23 
0.23 
0.21 
0.23 
0.23 
0.21 
0.25 
0.21 
Separation (Rp) 
1—Cys—Cys 
0.0 
0.0 
0.0 
0.00 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
1-Met 
0.53 
0.52 
0.55 
0.54 
0.55 
0.55 
0.51 
0.52 
0.44 
0.31 T 
0.52 
T = Tailed spot ( R L - R T > 0 . 3 0 ) 
Table 3.4: Experimentally Achieved Separations of Amino Acids 
on Plain Silica Layers Developed with Different Mobile 
Phases: 
M5 1-Cys-Cys (0.0)- 1-Hyp (0.20)/dl-Ala (0.23)- 1-Ile(0.55) 
M, 
M7 
Ms 
1-Cys-Cys (0.0)-dl-Ala(0.25)/ 1-Hyp (0.23) -1-lle (0.56)/ 
dl-Trp (0.50). 
1-Cys-Cys (0.0)-dl-Asp(0.25)-dl-Trp (0.65)/ 1-Trp (0.64)/ 
dl-Ile (0.60)/ 1-Ile (0.62). 
1-Cys-Cys (O.O)-l-Arg (0.20)/ 1-Lys (0.19) -dl-Phe (0.72)/ 
dl-Trp (0.75). 
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1-Met 
1-Cys 
l-Cys-Cys 
Fig. 3.2: Separation pattern of coexisting l-Met, l-Cys and 
l-Cys-Cys with M7 Mobile Phase on Silica Layers. 
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